Abstract: Some of the most prevalent and debilitating pain conditions arise from the structures innervated by the trigeminal system (head, face, masticatory musculature, temporomandibular joint and associated structures). Orofacial pain (OFP) can arise from different regions and etiologies. Temporomandibular disorders (TMD) are the most prevalent orofacial pain conditions for which patients seek treatment. Temporomandibular disorders include a number of clinical problems that involve the masticatory musculature, the temporomandibular joint (TMJ) or both. Trigeminal neuropathic pain conditions can arise from injury secondary to dental procedures, infection, neoplasias, or disease or dysfunction of the peripheral and/or central nervous system. Neurovascular disorders, such as primary headaches, can present as chronic orofacial pain, such as in the case of facial migraine, where the pain is localized in the second and third division of the trigeminal nerve. Together, these disorders of the trigeminal system impact the quality of life of the sufferer dramatically. A multidisciplinary pain management approach should be considered for the optimal treatment of orofacial pain disorders including both non-pharmacological and pharmacological modalities. Keywords: pain, orofacial, neuropathic, TMD, trigeminal, headache
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and that many symptoms seem to arise in adolescence or the early twenties and may continue intermittently, well into middle age; however, TMD symptomatology does get better with time, supporting a conservative management approach. In a study by Solberg et al, 6 76% of subjects aged 18-25 years had one or more signs associated with TMD and 26% had at least one symptom associated with TMD. Of this group, only 10% had symptoms that were considered by the subjects to be severe enough to seek treatment. Rasmussen 7 found that most cases of a clicking TMJ did not evolve into an open or closed locking state. Rasmussen noted that, in the natural progression of internal derangement, acute TMD symptoms lasted a mean of 5.5 years and that, although joint noises generally did not disappear, most painful and disabling symptoms subsided in time. Similar results were shown by Könönen et al, who followed 128 Finnish adults over 9 years, in whom the incidence of clicking increased with age. 8 None of the patients, however, developed locking. In a more recent study, the presence of degenerative joint disorders was found to be the discriminating factor in two different age subgroups: patients with a mean age range of 52 years presented a prevalence of crepitus, while patients with a mean age range of 38 years did not. 9 Disorders of the TMJ Disorders of the TMJ are a result of a disc-condyle incoordination that influences the TMJ biomechanics. These disorders comprise the disc interference disorders or internal derangements, such as disc displacements with and without reduction, that can be asymptomatic or symptomatic due to inflammation (eg, capsulitis/synovitis). Disc displacements with reduction may present as a painful or non-painful click. Disc displacements without reduction may present with a painful limitation at opening. Retrodiscitis and TMJ subluxation may present symptomatology when the pain is a result of inflammation arising from the retrodiscal tissues or capsulitis or synovitis processes. Osteoarthritic changes can originate in the TMJ articular surfaces and, when they are influenced by a systemic disease, can become aggressive and progressive, such as in the case of polyarthritis.
Muscular disorders
Myalgia usually presents as a dull aching pain due to muscle injury or strain. It is commonly seen in acute forms, though, with continued muscle tension, can present for longer periods of time. Treatment may include, rest, hot or cold compresses, stretching exercises, and muscle relaxants. Myofascial pain (MFP) also presents as a dull, continuous aching pain that varies in intensity. MFP produces pain upon palpation that is local and may refer to other sites, as mapped out by Simons et al. 10 MFP tends to be seen in muscle pain conditions of a more chronic nature, in which the tension is unremitting. Trigger points can often be seen in MFP and may be localized to a taut band of muscle. In addition, trigger points are associated with decreased muscle length and, when stimulated, can result in a local twitch response. 11 Palpation of the trigger points should duplicate the patient's pain complaint, thus confirming diagnosis. Blocking the source of the pain (ie, masseter muscle) by using a vapocoolant spray or local anesthetic injection can also provide a definitive diagnosis.
Myositis is a localized transient swelling involving the muscle and facial tissues. 12 There tends to be increased pain with mandibular movement and localized tenderness, usually following injury or infection.
Patient evaluation
TMD assessment should include a general examination of the head and neck, a detailed examination of the masticatory muscles, an evaluation of the TMJs, an evaluation of mandibular range of motion (ROM), and a detailed intraoral examination. 13 Journal of Pain Research 2014:7 submit your manuscript | www.dovepress.com
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Orofacial pain management evaluation of the TMJs and mandibular ROM The evaluation of the TMJs includes examination for any signs of dysfunction or pain symptomatology. Fingertips are placed over the lateral and posterior aspects of the TMJs applying light but steady force and performed when the mandible is at rest/closed position and opening. Symptomatology reported in response to force applied to the lateral aspect of TMJs may be a sign of capsulitis/synovitis. Symptomatology reported in response of force applied to the posterior aspect of the condyle may be a sign of retrodiscitis or posterior capsulitis.
The clinician should be aware of joint sounds, which could present as clicks, pops, or crepitus. 1 These sounds are evaluated with the help of a stethoscope placed in the TMJ area or sometimes perceived during palpation. Clicks and pops are commonly related to disc displacements with reduction and crepitation is commonly associated with osteoarthritic changes in the articular surfaces of the TMJ.
14 Imaging of the TMJ may also be useful during examination. Moreover, it is very important to identify any TMJ restrictions. The clinician should view the patient's opening and closing patterns to note any mandibular deviations. The evaluation of mandibular ROM consists of measuring comfort opening, active opening, passive opening, protrusion, and left and right lateral excursions with a millimeter ruler while noting the severity and location of pain with jaw movement. This can be particularly helpful in differentiating between joint and muscle pain. Comfort opening is determined by the patient opening as wide as possible without any pain, active opening is determined by the patient opening as wide as possible with pain, and passive opening is determined by the clinician gently stretching the patient presumably past active opening while noting a soft or hard end feel. A reasonably normal interincisal distance is approximately 40 mm, or the width of three of the patient's fingers as a crude measure. Usually, with proper questioning, the patient will reliably reveal any recent limitations in ROM. The occurrence of TMJ clicking, crepitus, or jaw opening interferences with or without pain should also be noted at the initial examination. These baseline findings will aid in establishing the differential diagnosis and treatment options, as well as providing a comparison for future change in TMD symptoms.
evaluation of the muscles of mastication
The muscles of mastication should be palpated bilaterally for firmness and tenderness, utilizing approximately 2-3 lbs of pressure, 15 or the amount of pressure needed to cause blanching of the fingernail. Upon muscular palpation, the patient should be asked to report the severity of the tenderness, pain referral to multiple sites or single-site pain localization, and replication of the chief complaint upon palpation. It may be pertinent to ask the patient about their use of analgesics prior to palpation in order to account for reduced symptoms upon examination.
Management of TMD
Most of the time, patients will visit the clinician when pain and dysfunction, such as limitation of opening, episodes of joint locking (open lock/TMJ subluxation), pain with mandibular function (chewing), facial pain, or headache are present.
The treatment goals for TMD are decreasing pain, restoring normal ROM, and restoring normal masticatory and jaw function. Many TMDs can be cyclical and self-limiting, with periods of complete remission of symptoms.
In the case of disc-condyle incoordinations, studies suggest that for some patients even though they may be progressive (for example, a disc displacement with reduction may progress to a disc displacement without reduction), they are self limiting, suggesting an adaptation of the condition and with no significant disability. 1, 7, 16, 17 It is very important to emphasize that patients have no recurrence of symptoms with the use of conservative, reversible treatments, 16, 18 thus conservative treatment is the modality that needs to be used at all times. Initial treatment should therefore stress a conservative and reversible approach. Primary treatment options include home care (self-care program), medical care (non-surgical care), and surgical care.
Patient education: home care program
Home care should generally be the initial approach, at least as part of a more extensive treatment plan. The use of a home care program has proved to be effective in the management of TMD. It has been shown that patients have reported feeling less pain immediately after their initial patient education/counseling visit, perhaps as a consequence of an immediate reduction in stress/ tension-related parafunctional activity. 1, 19 Patient education is a crucial aspect of home care and is one of the most subtle and underappreciated, yet effective, treatments for TMD. Therefore, informing and reassuring the patient regarding their condition and presenting symptoms may alleviate a great deal of anxiety and improve treatment outcomes.
A successful home care program consists of resting the masticatory muscles by limiting jaw movements, parafunctional habit modification, emphasizing a soft diet, and moist heat and/or ice therapy. 20 Muscle rest may involve limited jaw activity (eg, reduced talking, chewing, yawning) for the treatment duration, and perhaps as a preventive measure, even after symptoms have resolved. Patients with disc displacement without reduction should be instructed to avoid any forceful attempt to open the mouth wider when the condition is acute and have explained to them that, with the care provided, the ROM will improve and return to normal. 1 Restricting the mandibular movements as much as possible would facilitate healing and prevent further injury. 20 This could be attained with a soft food diet, avoiding chewing gum and hard foods, and limitation of opening during yawning, as well as habit awareness, such as avoiding biting objects, clenching, or bruxing. 1, 3 Patients may have a diurnal (daytime) parafunctional habit (clenching, grinding, posturing) that is often not conscious, and this should be addressed to decrease sustained masticatory muscle contractions. 21 Patient education and understanding of the physiological rest position (lips together, teeth apart) is imperative in reducing and eventually halting the daytime activity that contributes to the progression of TMD. If asked to pay attention to their jaw position over time, many patients will return for follow-up with the recognition that they are in fact engaging in some jaw activity that contributes to their symptoms. Additionally, suggesting habit-controlling cues may be helpful in reminding the patient throughout the day to check the position of their bite. As an example, saying the letter "N" throughout the day can remind the patient to unclench or discontinue grinding their teeth. A soft diet is also crucial for muscle and TMJ pain management so that the condition is not exacerbated while treatment is provided. Finally, a trial of moist heat and/or ice therapy overlying the painful areas of the face, head, and neck can be recommended. Moist heat tends to work better for muscle pain or tension by increasing circulation and relaxing involved muscles, and ice for TMJ capsulitis by reducing inflammatory symptoms.
Medical care (non-surgical)
Physical therapy Instructing the patient to apply moist heat or cold compresses, or alternating both modalities, has been proven to be beneficial, since it stimulates analgesia and relaxation and may improve movement. 12, 22 Physical therapy is beneficial in restoring the normal function of the TMJ, muscles of mastication, and cervical muscles, as well as in reducing inflammation, promoting repair, and strength. [22] [23] [24] Physical therapy can be performed by an experienced physical therapist 3 or can be provided by a qualified clinician who is treating the TMJ disorder. Primary goals of the physical therapy component of treatment are to stretch chronically contracted and fatigued muscles, increase ROM, and reduce muscular trigger point activity. 25 A number of exercises are commonly used to treat TMJassociated muscle disorders, including N-stretch (placing the tip of the tongue on the roof of the mouth and stretching the jaw) ( Figure 1 ); chin to chest (gently pulling the head forward, bringing the chin toward the chest); and head tilt (turning the head to one side and then tilting it posteriorly). These exercises must be done four to six times per day to be effective. In addition, the patient should use moist heat for 10-15 minutes followed by ethyl chloride spray prior to stretching the muscles. Vapocoolant spray provides a temporary anesthesia effect to the muscles so that a more intense stretch can be achieved without pain. The heat and cooling spray should be used for at least three of the six exercising sessions throughout the day. Patients can expect an even higher likelihood of treatment success if transcutaneous electrical nerve stimulation is added to a strict stretching regimen, 26 and if biofeedback training is used as a cognitive behavioral procedure to teach the patient to maintain reduced muscular tension and pain. 21, 27 Pharmacotherapy Medications are an effective addition in managing the symptomatology of intracapsular disorders. 1 Commonly used pharmacological agents for the treatment of TMJ disorders include analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), local anesthetics, oral and injectable cortico steroids, sodium hyaluronate injections, muscle relaxants, botulinum toxin 
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Orofacial pain management injections, and antidepressants. 12, [28] [29] [30] The analgesics and corticosteroids are indicated for acute TMD pain; the NSAIDs, local anesthetics, and muscle relaxants are used for both acute and chronic conditions; and tricyclic antidepressants are usually used more for chronic TMD pain in association with tension-type headaches. 28, 31 Research demonstrating the efficacy of botulinum toxin for muscular disorders related to TMD is limited, 32, 33 although there is some data to support the benefit of using low concentrations and large injection volumes of botulinum toxin at multiple muscular sites. 30 
NSAiDs
NSAIDs are indicated for mild-to-moderate acute inflammatory conditions. Commonly used NSAIDs include ibuprofen and naproxen. NSAIDs should be used by the patient for a minimum of 2 weeks, with time-contingent usage as opposed to dosing based on the presence of pain. 29 Long-term NSAID use is not recommended as long as the activity resulting in the inflammatory process can be reduced. In some chronic arthritic cases, the long-term use of NSAIDs, such as the COX-2 inhibitors, including celecoxib, may be considered; however, possible side effects, such as gastrointestinal upset, should be taken into account.
Local anesthetics
Local anesthetics are primarily used when a myofascial trigger point is present. Myofascial trigger points are usually detected in the mastication muscles, but can also be found in numerous other muscles, such as the splenius capitis and upper trapezius. Due to its low toxicity to muscles, 1% procaine (1 cc) is recommended, but 1% or 2% lidocaine is also commonly used. 1, 31 The trigger point injection technique involves locating the trigger point, which is usually found in a taut band of muscle, and needling the area. 10 The patient should be instructed that the muscles may be sore for the first 48 hours after the injection, but should begin to improve thereafter. The efficacy of trigger point injections is highly variable and dependent, for the most part, on the patient's compliance with a strict physical therapy regimen in conjunction with the injections. In addition, local anesthetics can be used to block the likely source of pain to confirm a diagnosis.
TMJ injections
Intracapsular injection of corticosteroids significantly reduces TMJ pain. 34 It is indicated for acute and painful arthritic TMJ that has not responded to other modalities of treatment 12 and when the joint is still acutely inflamed, such as in the case of polyarthritic disorders and in acute disc displacements without reduction. [35] [36] [37] The use of triamcinolone or dexamethasone, in addition to 2% lidocaine without epinephrine, is generally used for TMJ injections ( Figure 2 ). Tomograms of the TMJ or other radiographic studies are required prior to injecting into the joint space. It has been suggested in animal studies that steroid injections may increase osteoclastic activity. 38 There is no evidence that a single steroid injection causes damage; however, multiple injections may do, 39 therefore the quantity of steroid injections should be carefully considered due to the possibility of bone resorption in the site of injection.
Injections of sodium hyaluronate in osteoarthritis of the knee has shown improvement of symptoms; 40 however, results for the management of TMD have been inconclusive and more studies are warranted. 41, 42 Muscle relaxants Muscle relaxants may be prescribed for acute muscle tension associated with TMJ disorders. 31 These are commonly taken at night before bed, due to possible associated drowsiness. Thus, for patients with poor sleep patterns, these drugs are particularly helpful in alleviating insomnia in addition to their muscle-pain preventive properties. A commonly used and effective muscle relaxant is cyclobenzaprine, 43 started at lower dosages (5-10 mg) and taken 1-2 hours before bedtime.
Antidepressants
Tricyclic antidepressants like amitriptyline and nortriptyline may be used for more chronic MFP. 21, 31 In addition, they can be prescribed for the TMD patient who has tension- 
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Romero-Reyes and Uyanik type headache (TTH), depression, poor sleep, and/or poor appetite. It is important to inform the patient that these medications are used in dosages that will not usually have anti-depressive effects when prescribed to treat muscle pain and/or headaches. Nortriptyline at usual doses of 10-30 mg and amitriptyline at doses of 10-25 mg should be gradually tapered up until the desired therapeutic effect is achieved or side effects develop, such as drowsiness, dry mouth, or weight gain. The tricyclic antidepressants have anti-nociceptive effects as well as maintaining the patient in deeper stages of sleep. Caution should be used in patients who have comorbid heart conditions, concurrent psychotropic use, and/or psychiatric illness, eg, bipolar disorder. 44 Occlusal appliance therapy Oral appliances (OAs) are processed acrylic devices that have been used for the management of TMD for years, with different designs. Studies have reported a reduction in TMD symptoms or at least sufficient evidence to justify their use for myalgia and arthralgia of the masticatory system. [45] [46] [47] [48] [49] In an extensive review about the use of OAs and the management of TMD, it was concluded that OAs are still regarded as a useful adjunct therapy for some TMD cases. 50 Stabilization appliances (flat plane splints) ( Figure 3 ) are used for the purpose of equally distributing jaw parafunctional forces, reducing the forces placed on the masticatory muscles, and protecting the occlusal surfaces of the teeth from chronic nocturnal bruxing. 51 For the case of nocturnal bruxism, OAs will protect the teeth from excessive tooth wear but may not stop parafunctional habits; they may, however, decrease the frequency, duration, and intensity of these habits. 50, 52, 53 Usually, the patient is instructed to wear the splint only at night as long as parafunctional activity is controlled during the day with education and bite relation awareness, teaching the patient to be aware of when they are clenching their teeth during the day. The splint should cover all of the maxillary or mandibular teeth and have bilateral posterior contacts with little to no anterior contacts. The stabilization appliance should feel comfortable to the patient when fitted for the first time and be re-evaluated after 1 week. Adjustments should continue every 3-6 months due to changes that may result in the form and function of the splint due to chronic bruxing.
Anterior repositioning splint prescription varies among clinicians, but it is usually used for the chronic intermittent closed-locking patient. 51 With the possibility of permanent occlusal and bite changes with long-term use of repositioning appliances, short-term (6 weeks) use of this appliance is strongly recommended in addition to close monitoring. If bite changes start to develop, then the patient should be instructed to discontinue the use of the splint and the splint may need to be converted to a stabilization non-repositioning appliance. A few patients may experience increased pain with the use of a splint. In this case, the splint and the initial diagnosis should be re-evaluated and, if the pain persists, discontinuation of the splint is recommended.
In a systematic review and meta-analysis of randomized controlled trials, it was found that well-adjusted hard stabilization appliances are more effective in treating joint and muscle pain when compared with the use of no appliance, soft stabilization appliances, anterior bite appliances, and non-occluding appliances. 50 Even though these OAs presented some evidence of reducing joint and muscle pains, the potential adverse events (eg, occlusal changes) were higher. 49 
Occlusal adjustment
There is not enough evidence to show that occlusal adjustments are useful in treating or preventing TMD. 54 As a general rule, TMD should be treated in a conservative manner and occlusal adjustments are an irreversible modality.
Surgical care
TMJ surgery is only indicated when non-surgical therapy has been ineffective, and it is not indicated in patients who are asymptomatic or mildly symptomatic or as a preventive measure. 55 Surgical recommendations, such as arthrocentesis and arthroscopy, depend on the degree of internal derangement as well as previous TMJ treatment history in addition to moderate-to-severe pain and disabling dysfunction. 55 It is important to discourage patients from undergoing surgical procedures if physical medicine, pharmacological management, and splint therapy have not been attempted. Working closely with an oral and maxillofacial surgeon who has expertise in TMJ surgery is highly advisable in dealing with this particular group of patients. 
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Orofacial pain management Arthrocentesis is a conservative treatment that involves an intra-articular lavage with or without deposit of corticosteroids that is useful when there are intra-articular restrictions to movement, as in disc displacement without reduction. 56 This procedure is often used with mandibular manipulation and is recommended for patients who have joint restrictions and for those individuals who have developed an acute or chronic closed lock. 57 Arthroscopy is a closed surgical procedure that allows direct observation and sampling of joint tissue, useful in hypomobility due to joint derangement 58 as well as fibrosis. 59 It is performed mainly in the upper joint space and is utilized primarily for lysis and lavage but also for ablation of adhesions and biopsy.
Arthrotomy is an open surgical procedure that modifies joint anatomy, such as total or partial joint reconstruction or replacement, which is required for the patient who has advanced TMD that meets the surgical criteria and has been refractory to other modalities. 12 It is used in cases of neoplasia, bony or fibrous ankylosis, severe chronic arthritis, and severe chronic dislocations. 58 It is important to work closely with an experienced TMJ surgeon to assess the necessity of this procedure if other conservative treatments have not produced positive results.
Acupuncture and TMD
Acupuncture has been studied as a complementary and alternative medicine treatment modality for various orofacial pain disorders, mostly those of musculoskeletal origin. Acupuncture is a form of Traditional Chinese Medicine (TCM) that involves the stimulation of acupuncture points that are thought to stimulate the flow of energy believed to be blocked. It has been proposed that the reason why acupuncture research has not been as definitive about its benefits in pain treatment is because these studies often fail to include other treatments, such as herbal remedies and Qigong. 60 A study that focused on TMD showed reductions in pain and, more importantly, a reduction in NSAID use in subjects who had been treated with traditional acupuncture. 60 Further research compared TCM including acupuncture to specialty care that included self-care, patient education, occlusal splint therapy, physical therapy, and psychosocial counseling and found that the TCM arm had a significantly greater reduction in pain and psychosocially contributing factors. 61 In addition, MFP, when teased apart from TMD, has been shown to benefit from acupuncture when compared to a sham acupuncture procedure. 62 It is crucial to educate MFP patients about the difference between acupuncture and traditional trigger point injection therapy, as patients may confuse the two because of the similarity of the procedures. Acupuncture appears to be a beneficial treatment in conjunction with traditional therapies for TMD and perhaps as an alternative if pharmacological treatment is contraindicated.
Neuropathic pain
Basic and clinical research support that neuroplastic changes involving the peripheral and central nervous system as well as immune mechanisms are involved in the development and maintenance of chronic neuropathic pain. 63 It has been estimated that the incidence of chronic orofacial neuropathic pain is five to ten per 100,000 people. [64] [65] [66] Commonly, neuropathic pain conditions in the orofacial region are divided into episodic pain disorders, including trigeminal neuralgia (TN) and glossopharyngeal neuralgia, and continuous pain disorders that frequently result from deafferentation after injury in the peripheral and central nervous system, which is the case in neuromas and idiopathic trigeminal neuropathic pains such as atypical odontalgia (AO). There is considerable variability in prevalence, cause, and treatment of these disorders. More detailed reviews on neuropathic pains classification, etiology, and pathophysiology can be found elsewhere. 12, 67, 68 There are still limited data in regard to the treatment of trigeminal neuropathic pain. Its management is based on the evidence associated with pain management in other parts of the body. Good reference guides are those by Dworkin et al 69 and Zakrzewska. 70 The use of anticonvulsant medications has shown to be effective in the management of trigeminal neuropathic pain, and they are the first-line treatment choice for the management of neuralgic type of pains. [70] [71] [72] Tricyclic antidepressants and serotonin noradrenaline reuptake inhibitors, as well as topical medications such as capsaicin and lidocaine, 70, 73 are used for the more continuous type of pain, such as in the case of idiopathic trigeminal neuropathic pain, for example, in AO. 74, 75 Trigeminal neuralgia TN is a chronic paroxysmal neuropathic pain condition that is described as a severe, lancinating, and electric-like unilateral pain. It is localized most often to the second and third distributions of the trigeminal nerve (V2 and V3) intraorally and extraorally and can present in both distributions at the same time. There is usually a trigger zone in the trigeminal distribution which, when stimulated, can result in an excruciatingly painful attack. The pain attacks last seconds to minutes and numerous pain episodes can be present daily. TN commonly goes through periods of remission where the pain can remit for months or even longer. 12, 66, 76 The etiology of TN is often related to vascular compression 77 that may result in focal demyelination. 78 The superior cerebellar artery compression on the trigeminal root has been shown to be responsible for attacks of TN pain; 79 however, nonvascular compression by a cerebellopontine angle neoplasm, such as acoustic neuromas, meningiomas, cholesteatomas, and neurofibromas, have also been shown to result in TN attacks. 80, 81 A cranial nerve exam can demonstrate other neural deficits that may be present due to a mass pressing on the trigeminal root. Therefore, magnetic resonance imaging (MRI) and computed tomography (CT) imaging of the brain should be requested in order to rule out any intracranial pathology. 76 Furthermore, myelin loss due to multiple sclerosis has been shown to be a causative disorder related to the paroxysmal pain firing of TN attacks. 82 Antiepileptic medications are the drugs of choice for the management of TN. Carbamazepine, oxcarbazepine, and gabapentin are commonly used as first-line medications. 66, 70 Carbamazepine, evaluated in a systematic review, has been shown to be the most effective treatment. 71 If these medications are not effective, or if the therapeutic range cannot be achieved due to side effects, then doses should be lowered and second-line drugs, such as baclofen 83 and lamotrigine, 84 may be added to reduce the pain attacks. It is best to reduce the pain attacks completely with multiple medications if necessary. After achieving pain-free status and monitoring for pain attacks for a minimum of 3-6 months, a slow taper off of medication will demonstrate if the TN has gone into remission. If pain attacks recur, then pharmacologic management should immediately be reinstituted. If medications are no longer effective or if unmanageable side effects develop, then neurosurgical options, such as microvascular decompression or gamma knife radiosurgery, may be considered. 85 
Glossopharyngeal neuralgia
Glossopharyngeal neuralgia is a rare condition associated with pain in the area supplied by the glossopharyngeal nerve. 86 Painful sites may include the nasopharynx, posterior part of the tongue, throat, tonsil, larynx, and ear. This disorder presents shooting paroxysms of pain that can occur multiple times a day with stimulation of the oropharyngeal region. 87 Common triggers may include mechanical stimulation of the trigger zone as well as activities including chewing, swallowing, coughing, talking, and head movement. The painful episodes may continue for months and then spontaneously go into remission. Due to the proximity of the vagal sensory nerves, glossopharyngeal neuralgia may coincide with a cardiac dysrhythmia such as bradycardia, asystole, and syncope. 88 Diagnosis may be confirmed by blocking the tonsillar and pharyngeal region with topical or local anesthetics. Imaging with a CT scan of the head and a brain MRI should be conducted to rule out pathology related to the nerve compression and possible oropharyngeal carcinoma. Pharmacologic treatment of glossopharyngeal neuralgia is similar to that for TN and may include the use of antiepileptic medications. 89 If medication management fails, then surgical procedures may be considered, such as a microvascular decompression to remove pressure from the glossopharyngeal nerve, radiofrequency thermocoagulation, gamma knife radiosurgery, or rhizotomy.
86,90
Peripheral trigeminal neuropathic pain
Peripheral neuropathic pain can arise as a result of a traumatic nerve injury resulting in chronic aching, continuous burning-like pain at the site of the injury. 91 When a nerve injury occurs, the transected nerve will sometimes attempt to restore itself through axonal sprouting, resulting in a traumatic neuroma. 92, 93 Diagnosis can be made through tapping (Tinel's sign) or lightly pressing on the suspected site of the neuroma. In addition, allodynia and hyperalgesia will often be present in the area of the nerve injury or adjacent to it. 91 It is recommended to perform a diagnostic block of the painful site with topical anesthetic first (eg, benzocaine) followed by a somatic block with local anesthetic (eg, lidocaine injection). 91 If either of these blocks reduce or alleviate the pain, then topical creams or ointments may be utilized to treat the pain. The use of topical medications for the management of neuropathic pain is a good modality that reduces potential side effects of the systemic route. 73 Capsaicin is a common locally acting pharmacologic agent that can be utilized in cream or gel form, normally at a concentration ranging from 0.025%-0.05% 95 mixed with benzocaine 20% and applied with the use of a stent that covers the affected area (neurosensory stent). Recently, 8% capsaicin has been approved in the US and Europe for application directly into the skin, and has proved to be effective in alleviating pain. 95 In addition, compounding pharmacies can create a cream that may include analgesics/sedatives such as ketamine, NSAIDs such as diclofenac, anticonvulsant drugs such as gabapentin and carbamazepine, and tricyclic antidepressant medications such as nortriptyline and amitriptyline. 73, 96 Journal of Pain Research 2014:7 submit your manuscript | www.dovepress.com
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Orofacial pain management
Centralized trigeminal neuropathic pain
Prolonged stimulation of peripheral nociceptors may eventually lead to central neural changes. 63, 97 The pain in these cases is described as continuous, aching, and burning, with evidence of hyperalgesia and allodynia. 98 Diagnostic local anesthetic blocking of the affected site usually does not alleviate the pain in centralized neuropathic pain, thus treatment is conducted with centrally acting systemic medications. Antiepileptic drugs, such as gabapentin and valproic acid, in combination with tricyclic antidepressants such as amitriptyline, may reduce pain, 70 but often treatment of this condition is difficult.
Atypical odontalgia
AO is a centralized trigeminal neuropathy often localized in a tooth or tooth area that is frequently misdiagnosed, leading to unnecessary dental treatments in attempts to relieve the pain. 75 AO is described as a persistent idiopathic pain that does not fulfill the diagnostic criteria for cranial neuralgias and which is not attributed to another disorder, 99 and can be throbbing and burning in nature. 12 The pharmacological management of AO may include topical and systemic medications. If the pain is localized to a peripheral origin and the diagnostic block gives an equivocal response but a decrease in pain, a topical medication can be used and a neurosensory stent can be fabricated. Systemic approaches, such as tricyclic antidepressants, calcium channel blockers (pregabalin and gabapentin), sodium channel blockers (carbamazepine), and antiepileptics such as topiramate, can be used for the management of this condition. 69, 74 The management of AO is very challenging, and a multidisciplinary approach is necessary, which should include orofacial pain specialists and neurologists in addition to psychiatric and psychological evaluations in order to identify comorbidities with depression and anxiety. 74 
Headache
Another source of nonodontogenic toothaches and orofacial pains may present as a disturbance of the trigeminovascular system. Migraine is commonly thought of as a headache that is unilateral and that causes pain behind the eye, neck, and cranium; however, migraine headaches can also present in the lower part of the face, particularly in the teeth. [98] [99] [100] It is very important that the orofacial pain clinician is aware of the possibility of this localization in addition to the clinical features that a migraine presents to avoid misdiagnosis as an odontogenic toothache or other type of orofacial pain, leading to improper management.
Primary headaches, such as migraine and TTH, are also disorders mediated by the trigeminal system that can be chronic and disabling, affecting over 15% of the US population at any one time and costing the US economy over $19.6 billion a year. 102 Migraine is a primary disorder of the brain explained as a neurovascular disorder in which neural events result in meningeal blood vessel dilation, which results in further nociceptive activation of the trigeminovascular system. 103 The pathophysiology of migraine is still not completely understood, but it is known that key anatomical peripheral and central structures are involved. The trigeminovascular system consists of the dura mater that surrounds the meninges and spinal cord, the dural meningeal blood vessels (cranial vasculature), and the innervations of these structures provided by the ophthalmic branch (V1) of the trigeminal nerve and its afferent connection to the trigeminal nucleus caudalis (TNC) in the central nervous system, in addition to a reflex connection from the trigeminal nucleus to the parasympathetic outflow to the cranial vasculature through the superior salivatory nucleus. 103, 104 The nociceptive (pain) information of these structures convey information to the TNC, brainstem, and higher processing centers. 103 The TNC also receives cervical inputs. Stimulation of the dura mater extends to the C2 and C3 regions, and is collectively described as the trigeminocervical complex (TCC). This anatomical relationship may explain why a migraine headache can sometimes be felt in the neck area. [105] [106] [107] Primary headaches, particularly migraine, are believed to involve activation and sensitization of the trigeminovascular system, specifically the afferent meningeal nociceptor projections to the ophthalmic division of the trigeminal nerve, 108 and this is thought to cause the release of vasoactive neuropeptides such as substance P (SP), neurokinin A (NKA), and calcitonin gene-related peptide (CGRP), which is elevated during a chronic migraine attack. 109 What drives the trigeminovascular activation is still not clear, but it has been hypothesized that a dysfunction within nuclei of the brainstem and diencephalon may contribute to activation of this system, thereby relaying nociceptive information to other central structures. 103 Trigeminal nerve release of CGRP is known to aid in the process of neurogenic inflammation, facilitating pain transmission leading to allodynia and hyperalgesia. [110] [111] [112] These nociceptive mediators will induce edema, mast cell activation, and further sensitization of the trigeminovascular system. 
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Romero-Reyes and Uyanik to section 1.1 ("Migraine without aura") facial migraine is mentioned as a subset of patients who present with the typical migraine headache, but localized in the face and not as a subtype. 99 Facial migraine may follow the diagnostic criteria of migraine without aura (ICHD-3 1.1), which is described as a recurrent headache of moderate-to-severe intensity that lasts from 4-72 hours, with a pulsating quality, which is unilateral in location, aggravated by routine physical activity, and associated with nausea and/or phonophobia and photophobia. 99 The ophthalmic division of the trigeminal nerve innervates most of the cranial structures: this could explain the reason why most migraine sufferers feel pain in the periorbital region and behind their eye. In facial migraine, however, the pain is localized in the lower part of the face. Migraine localized in the area of the maxillary branch distribution (V2) has been reported. 101, 114, 115 V2 gives rise to the nervus meningeus medius, which innervates the dura mater of the anterior floor of the middle fossa, and this may explain the localization of the pain in the maxillary area. Migraine symptomatology localized on the V3 territory has also been reported, 101, 114, 115 and this could be explained since it is well recognized that stimulation of the dura mater in animals during electrophysiological experiments, and in humans during neurosurgery, induces pain in any of the three divisions of the trigeminal nerve. 101, 116 More detailed reviews on migraine pathophysiology can be found elsewhere.
103,117
Management
The management of migraine comprises pharmacological and nonpharmacological approaches. It is imperative that the treatment approach of migraine always includes a complete medical evaluation performed by the neurologist to rule out a secondary cause of the headache, such as systemic disease, tumors, or cerebrovascular abnormalities.
Nonpharmacological approaches
Patients need to be educated about the pain they are experiencing. When the pain is localized in the lower half of the face and/or in a tooth/teeth area (facial migraine), the patient should be assured that, even though the experienced pain may be severe and throbbing, it is not a toothache or related dental problem. This is extremely important since it will prevent unnecessary dental procedures due to misdiagnosis as odontogenic toothache or other orofacial pain.
Facial migraine is the same migraine headache described in the ICDH-3 (beta version) but with a different localization, therefore requiring that the same management protocol be followed. It is recommended to have the patient identify any trigger factors that may start the migraine attack. A good method by which the patient can provide this information is with the use of a pain diary, in which the patient keeps a record of the characteristics of the headache episodes along with the circumstances that made them appear. As soon as the patient can identify the possible triggers, then they are instructed to avoid or address them by, for example, a change in diet, sleep hygiene, or stress management. This is a great opportunity for the patient to realize that lifestyle changes may greatly influence their headaches and subsequently feel more in control of the disorder.
Other nonpharmacological methods that have proved useful for migraine and TTH are biofeedback, relaxation techniques, hypnosis, and psychological therapies. 118, 119 Pharmacological approaches As described above, the TNC is a crucial anatomical relay center for conveying sensory information, predominantly nociceptive, coming from the orofacial region, the head and its cranial vasculature, to higher pain processing centers in the brain; in addition, it gives and receives projections from the superior salivatory nucleus and structures from the descending inhibitory system, such as the ventrolateral periaqueductal gray and rostral ventromedial medulla. 103 These anatomical connections have positioned the TNC as a therapeutical target to potentially decrease or inhibit trigeminovascular nociceptive activation and further sensitization. 120 The same medications used for the management of migraine are used for the management of facial migraine, since it is the same disorder and same pathophysiology but different headache localization (face). If the migraine attack occurs less than twice per month, then an abortive medication should be considered. If the migraine attack is more frequent, it is best managed with preventive medications.
Abortive medications
Abortive medications are the first line of treatment for the acute treatment of migraine. The use of NSAIDs, such as naproxen sodium and ibuprofen, has been shown to be probably effective in alleviating a headache attack; 121 however, patients taking NSAIDs on a daily or regular basis are at risk of exacerbating their existent headache and developing medication overuse headaches. 99 Ergotamine derivatives, such as dihydroergotamine (DHE), have been used for years for the treatment of moderate to severe migraine; 122 however, triptans, because of their better tolerability and pharmacological specificity, have replaced 
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Orofacial pain management ergotamine derivatives in the majority of cases. 123 DHE is a 5-HT 1B and 5-HT 1D agonist, 124 as well as acting at other receptors, and is useful in patients who have not responded to triptan therapy. 122 DHE is available in intranasal 125 and injectable preparations, the latter in particular being popularly used as an abortive agent in the emergency room. 126 Serotonin 5-HT 1B/1D receptor agonists (triptans), such as sumatriptan, are newer established medications for the acute treatment of migraine. 127, 128 Studies have shown that they affect neuronal activation, inhibiting the presynaptic release of CGRP at the TCC, and also act in the ventrolateral periaqueductal gray and the thalamus.
103,129 5-HT 1B/1D receptors are localized on the trigeminal ganglion in humans and rodents [130] [131] [132] and at the level of the TNC in humans.
133-135 5-HT 1B receptors are localized on human intracranial arteries. 133 Sumatriptan has been shown to prevent central sensitization of TCC neurons, but not abort central sensitization. 136, 137 This may explain why triptans are effective when they are taken at the first sign of a migraine.
In addition to oral dosing formulations, subcutaneous and intranasal formulations offer a fast onset of action and are a good alternative for patients who experience gastrointestinal effects. The different pharmacokinetics between triptans should be considered when choosing the appropriate one for a patient.
New combination preparations, such as sumatriptan with naproxen sodium, have shown additive effects in improving pain relief and migraine-associated symptoms, such as phonophobia, photophobia, and nausea, when compared with monotherapy, as well as good tolerability in the acute management of migraine. 138, 139 Triptans can induce cardiovascular and cerebrovascular effects because of their vasoconstrictor properties, therefore they are contraindicated in patients with disorders in these systems. 140 However, new medications in development such as CGRP receptor antagonists, including oral telcagepant, have shown to be a good migraine abortive without the vascular effects. 141 Evidence has shown that the 5-HT 1F receptor is another promising new target in the treatment of migraine: lasmiditan, a 5-HT 1F receptor agonist, has shown good clinical efficacy for acute migraine treatment in doubleblind placebo controlled trials.
142,143
Preventives Patients who have frequent migraine attacks, such as 15 headache days per month, can benefit from preventive therapy. 99 The mechanism of action of the current preventive medications is not, however, well understood. Medications that have proven beneficial are beta adrenergic blockers such as propranolol and atenolol; calcium channel blockers such as verapamil and flunarizine; tricyclic antidepressants such as amitriptyline; serotonin antagonists such as methysergide; and antiepileptics such as topiramate and valproate. 144 Newer treatment strategies have been shown to be promising. The use of botulinum toxin injections for migraine prophylaxis and the management of chronic migraine and TTH have been shown to be effective and well tolerated. [145] [146] [147] [148] In addition, neuromodulative procedures, such as occipital nerve stimulation approaches, have been shown to be effective in the management of refractory headaches such as chronic migraine and cluster headache in which pain-free periods (weeks) can be accomplished. 149, 150 More comprehensive reviews of preventive options for migraine can be found elsewhere. 44, 151 Tension type headache TTH is the most common primary headache disorder in the general population. 152 Its pathophysiology remains unclear, but peripheral and central mechanisms are likely to be involved. A model has been proposed in which interaction between the limbic system, the descending inhibitory system, and peripheral inputs, such as those coming from the intracranial vasculature and myofascial inputs, may result in TTH. 153 The patient may describe the headache as a tight headband compressing their head with a dull, non-pulsating quality. The headache is bilateral with a mild-to-moderate intensity and will not worsen with routine physical activity. It can present as episodic attacks, but can evolve to a more chronic state. 99 Sometimes the headache can be associated with pericranial tenderness. Muscles that are tender to palpation include the temporalis muscle and cervical muscles, such as the splenius, sternocleidomastoid, and upper trapezius muscles. 99, 154, 155 Headache associated with myofascial trigger points can meet the criteria for episodic and chronic TTH. 156, 157 This is very important to note during examination, since treatment should be oriented to address the MFP condition. The use of physical therapy and trigger point injection therapy is useful. 1 The management of TTH involves nonpharmacological and pharmacological approaches, as observed for migraine. Changes in lifestyle such as sleep hygiene, detection of triggers with a pain diary, as well as stress management and relaxation techniques, have been shown to be beneficial. 118, 158 Pharmacological approaches, such as the use of NSAIDs as 
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Romero-Reyes and Uyanik well as tricyclic antidepressants in addition to botulinum toxin injections, have proved useful. 145, 146, 159, 160 Headache and TMD It is known that headache and orofacial pain disorders, such as TMD, are highly prevalent conditions in the general population. 161, 162 Evidence suggests that a clinical comorbidity between primary headaches and TMD exists. 163, 164 Epidemiological studies have shown that TMD symptomatology is more common in patients with primary headaches such as migraine, episodic TTH, and chronic daily headache, 163, 164 where the prevalence of primary headache, particularly migraine, was increased in patients with TMD. 165 In addition, patients with headache and orofacial pain disorders of musculoskeletal origin also present a higher disability impact. 163 It can be hypothesized that extracranial trigeminal nociceptive inputs arising from the craniofacial structures as a result of a TMD may influence the activation of the trigeminovascular system, since these nociceptive inputs convey in TNC where intracranial inputs do. Existing TMD may, therefore, influence and/or exacerbate a headache disorder, and a headache disorder may exacerbate a TMD condition (Figure 4) . It is very important, therefore, that, during treatment, such comorbidity is addressed. A relationship between the orofacial pain specialist and the neurologist (headache specialist) must be established, as management should be focused on addressing both, the headache and the TMD condition, since they considerably increase the prevalence of each other. 163, 164 Trigeminal autonomic cephalalgias (TACs)
Cluster headache, paroxysmal hemicranias, and shortlasting unilateral neuralgiform headache attacks with conjunctival injection and tearing are severe headaches that are not as common as migraine and that are characterized for their notorious parasympathetic autonomic symptoms. 99, 166 The typical localization of these headaches are the orbital, temporal or supraorbital regions but they can be present in the orofacial region such as in the mandible, TMJ, and dental areas. These headaches require neurological evaluation and management; therefore, it is Relationship between temporomandibular disorders and headache. Notes: extracranial nociceptive inputs arising from craniofacial structures as a result of a temporomandibular disorder, as well as cervical input from the cervical muscles, may influence the activation of the trigeminovascular system. The commonality is that these nociceptive inputs converge on the TNC in the same way as do intracranial nociceptive inputs arising from the dural blood vessels and higher centers. 
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Orofacial pain management of fundamental importance to make an appropriate differential diagnosis to avoid unnecessary dental treatments or being misdiagnosed as other types of orofacial pains of non neurovascular etiology. Detailed reviews of trigeminal autonomic cephalalgias and their treatment can be found elsewhere.
166-168
Conclusion
Orofacial pain management can be challenging and the clinician should be aware of the different etiologies and characteristics of the diverse disorders of the orofacial region. The orofacial pain specialist has the experience and the knowledge to provide a correct diagnosis and management of these conditions. A multidisciplinary approach is ideal in the management of orofacial pain disorders. Understanding the pain neurobiology of the trigeminal system is key to the development of better and safer therapeutics. It is necessary to stress the need for randomized controlled clinical trials that evaluate the efficacy of current and new therapies for the management of orofacial pains. New and exciting discoveries from the bench to the bedside will hopefully put an end to the burden of chronic orofacial pain conditions in the near future.
